The discovery of antidepressant properties of ketamine has been one of the most striking revolutions in treatment-resistant depression in the last decade. The noncompetitive, glutamatergic N-methyl-d-aspartate receptor (NMDAR) antagonist exerts rapid (2 to 3 hours) and sustained (up to 2 weeks) antidepressant effects after a single dose in depressed patients (Berman et al., 2000; Zarate et al., 2006) . The mechanisms of the rapid actions of ketamine are different from the majority of approved antidepressant for MDD, which act through the monoaminergic systems.
In patients, major depressive disorder (MDD) is associated with gray matter abnormalities and decreased volume in the prefrontal cortex (PFC) and the hippocampus (Price and Drevets, 2010; Kempton et al., 2011; MacQueen and Frodl, 2011) , which is thought to be associated with a loss of dendrites and their synapses (Kassem et al., 2013) . Neuroimaging studies in humans highlighted a specific role of the PFC in MDD. In particular, there is reduced function in the PFC (Price and Drevets, 2010) , which is reversed by ketamine administration (Abdallah et al., 2016) . It is now well known that ketamine rapidly increases glutamate transmission, particularly in the PFC, and multiple hypotheses have emerged as to which specific processes are involved in this rapid and sustained effect (Miller et al., 2016) . One hypothesis posits that antagonism of NMDARs expressed in PFC pyramidal neurons induces disruption of basal activation of NMDARs, resulting in increased synthesis of synaptic proteins, which will ultimately induce a compensatory homeostatic synaptic plasticity leading to an increase in excitatory synaptic input (for review, see Miller et al., 2016) . The other hypothesis posits that ketamine exerts its antidepressant effect through disinhibition of pyramidal neurons in the PFC. In particular, it is suggested that ketamine antagonizes NMDA receptors preferentially on cortical inhibitory neurons (Quirk et al., 2009) , which would lead to disinhibition of pyramidal cortical neurons, inducing an LTPlike synaptic plasticity. Evidence supporting this hypothesis is the involvement of the loss of phenotype of parvalbumin (PV) cortical interneurons, as well as the GABA-producing enzyme GAD67 in the antidepressant effect of ketamine (Behrens et al., 2007; Zhou et al., 2015) . The majority of studies investigating the cellular mechanisms of the antidepressant effect of ketamine have focused primarily on the PFC. However, functional imaging studies in MDD patients provided some information about dysfunctions of brain structure connectivity, highlighting reductions of connectivity between the PFC and the hippocampus, suggesting disruption of reciprocal connections between these 2 structures (Price and Drevets, 2010) . Previous studies using the chronic mild stress animal model of depression have shown a decrease in PV-containing interneurons in the hippocampus, which was reversed by antidepressant treatment (Czeh et al., 2005) . Recent studies have suggested that the perineuronal nets (PNN), a unique extracellular matrix prominently displayed around PV-expressing GABAergic interneurons, are involved in the regulation of synaptic plasticity (McRae and Porter, 2012) . Considering that the hippocampus-PFC pathway has been shown to be involved in the antidepressant effect of ketamine (Carreno et al., 2016) , it is suggested that PNN in the hippocampus might be involved in ketamine antidepressant properties, which is examined in the study by Donegan and Lodge in this issue (Donegan and Lodge, 2016) .
Donegan and Lodge provide new evidence in the disinhibition hypothesis in the antidepressant effect of ketamine. In particular, the authors identify the involvement of PNN in the hippocampus in the sustained effect of ketamine. The authors studied changes in time spent immobile in the forced swim test after degradation of PNN with a chondroitinase treatment, 30 minutes and 1 week after ketamine administration. In control animals, after acute ketamine administration, a decrease in immobility was observed in both chondroitinase-treated and nontreated rats, suggesting that the acute effect of ketamine is not dependent on PNN function. In contrast, 1 week after ketamine administration, ketamine had no effect on immobility time in chondroitinase-treated animals, suggesting that the sustained effect of ketamine is dependent on the integrity of a local inhibitory circuit in the hippocampus. While these data give another possible foundation in the involvement of GABAergic interneurons in the antidepressant effect of ketamine, there are some caveats that should be considered. First, Donegan and Lodge (2016) approached the role of an extracellular matrix structure, linked to PV-interneuron function, in the antidepressant effect of ketamine by using the forced swim test. In this procedure, immobility induced by exposure to an inescapable situation is an index of behavioral despair in normal animals. The FST is considered a predictive model of antidepressant activity when administered to normal rats, not a model of depression per se, since it lacks face and construct validity (Nestler and Hyman, 2010) . Indeed, a "depressive state" is not induced, but rather a direct response to the test itself is observed. Moreover, this test was performed in normal rats, not in rats that had been exposed to a depression model. This is particularly important since, while providing important insights into the normal function and system-wide effects of drugs, this test does not model some of the pathophysiology of depression, which is crucial to understand specific effects of ketamine as an antidepressant. MDD is a complex pathology with modifications in different signaling pathways, neuroendocrine regulations, synaptic plasticity, synaptogenesis, or neurogenesis (for review, see Krishnan and Nestler, 2008) . To study cellular effects of a novel antidepressant that are relevant for human pathology, the model used should meet a complex set of criteria of validity. For example, it is now well known that ketamine induces rapid enhancement of synaptic structure and function in cortical regions, in parallel with antidepressant behavioral effect in animal models (Li et al., 2011) . In animals, the chronic mild stress, a model of depression showing high face, construct, and predictive validity, is associated with neuronal atrophy and synaptic depression in the PFC (Liu and Aghajanian, 2008; Li et al., 2011) . Furthermore, in learned helplessness, ketamine was found to act, at least in part, on a disrupted hippocampal-accumbens circuit (Belujon and Grace, 2014) , a condition that is not present in the normal animal (Carreno et al., 2016) . These alterations of plasticity, acutely and sustainably reversed by ketamine, involve neurotrophic factors such as brain-derived neurotrophic factor (Bramham and Messaoudi, 2005) , which, coexpressed with NMDAR, plays a crucial role in excitatory synaptic synaptogenesis (Yoshii and Constantine-Paton, 2010) . Then, it is likely that the intricate structural changes observed in MDD and animal models of depression with high face and construct validity might be of great importance in understanding the complexity by which ketamine exerts its acute and sustained antidepressant effect. Therefore, although PNNs are suggested to be involved in synaptic integrity and plasticity and likely play a critical role in normal system function, their role in MDD is not clearly established. Consequently, whereas the use of a simple bioassay might give certain information on possible mechanisms of a novel treatment, its use is limited in its ability to outline the multiple neural circuits, symptom dimensions, and structural changes described in depression. Moreover, whereas the hypothesis in this study posits that degradation of PNN disrupts the function of PV interneurons regulating the projecting neurons from the hippocampus to the PFC, this remains to be elucidated.
There is no question that this study provides new insights into the role of PNN of the hippocampus and its functional impact in the normal function of hippocampal-prefrontal cortical interactions. Moreover, the study may provide a unique insight into the sustained effect of ketamine on normal systems. In the future, using adequate animal models of depression and behavioral assessments, this study by Donegan and Lodge will likely open new doors for studies of the structural integrity of neurons in the hippocampus, and its possible influence on cortical information processing, in understanding some of the mechanisms of the sustained antidepressant effect of ketamine.
